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METHOD AND APARATUS FOR IN- SITU DEPOSITION OF EPITAXIAL 
THIN FILM OF HIGH -TEMPERATURE SUPERCONDUCTORS AND OTHER 
COMPLEX OXIDES UNDER HIGH-PRESSURE 

5 Field Of The Invention 

The present invention relates to an apparatus and 
method for in-situ deposition of HTS compounds on a 
substrate that involves exposure of the substrate to a high 
pressure of oxygen and/or a high vapor pressure of volatile 
10 metallic elements such as Hg, Tl, Pb^ Bi^ K, Rb, etc., for 
stabilization of the crystal structure - 
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Background Of The Invention 

For most electronics applications of high-temperature 
superconductors (HTS) , one would like to have thip HTS 

10 films with as high a critical temperature (Tc) as possible. 
Based solely on this criterio^, one would tend to favor 
films of the compound HgBa2Ca2Cu308f which today holds the 
record at both the ambient pressure (Tc = 134 K) [1] and 
under a high pressure (Tc = 164 K) [2, 3] . Indeed, with 

15 this motivation, a number of groups have grown thin films 
of HgBa2Ca2CU308, and other closely related phases. [4-8] 

However,: the second important criterion is the overall 
film quality, measured by its compositional uniformity, 
crystallinity, morphology, and ultimately, its transport 

20 properties. Generally, this criterion favors epitaxial 
films grown by one or another of in-sltu deposition 
techniques. [9] These are methods for fabrication of HTS 
thin films that involve formation of the cuprate crystal 
structure during film deposition. 

25 Historically, the processes that were developed first, 

required a post-deposition anneal, or simply post-anneal^ 
in order to crystallize the material. They are still used 
for compounds such as HgBaCaCuO [4-8], or TlBaCaCuO [10], 
where the in-situ processes are difficult to implement 

30 because of the high vapor pressures of Hg and Tl . The main 
drawback of such methods is that re-crystallization during 
the post-anneal tends to generate polycrystalline. films, 
with inferior morphology and transport properties. Even 
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more important is the fact that such processes are not well 
suited for fabrication of multilayer structures^ and are 
thus less interesting from the technological view point , 
for electronics applications. 
5 Instability of the targeted compound under the 

thermodynamic conditions (pressure, temperature) accessible 
during a thin-film deposition experiment is a generic 
problem, encountered with basically all HTS compounds with 
Tc above 100 K. Some of these actually require high oxygen 

10 pressure (up to several tens of kbar) to be synthesized in 
the bulk form. [10-17] Others also involve volatile 
metallic species, such as Hg, Tl, Bi, or Pb. 

It is thus of substantial technological interest to 
devise a method for in-situ deposition of thin HTS films 

15 which involve volatile cations or require high oxygen 

pressure for stabilization of the crystal structure. This 
is the subject of the method and apparatus of the present 
invention . 

Another development related to the present invention 
20 is use of a higher-pressure oxygen "pocket" for in situ 

deposition of large-area YBa2Cu307 films. [20, 21] Kinder • 
et al. [20] and Matijasevic and Slycke [21] use thermal co- 
evaporation and a special heater assembly where the 
substrate onto which the film is deposited is rotated so 
25 that YBCO is first deposited under a very low pressure 

(typically 10"^ Torr) , and then rotated under a cavity with 
a moderately high oxygen pressure , (typically 10'^ - 10""^ 
Torr) . The opening between the substrate holder and the 
higher-pressure heater sub-chamber is very narrow 
30 (typically less than 0.5 mm), which allows for a 
substantial differential pumping. 

While using. a similar general principle, the method 
and the apparatus of the present invention contain some 
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substantial differences and several detailed technical 
innovations^ as expounded in what follows. 

Summary Of The Invention 

5 One principal difference between the apparatus of the 

present invention and that of Kinder et al . [20] and 
Matijasevic and Slyeke [21] is that our apparatus is based 
on pulsed laser deposition (PLD) . This technique has been 
applied to HTS compounds soon after their discovery in [22, 

10 23] and thereafter used extensively by many groups. [24 - 
27] . Here, the material is ablated from the target and 
deposited onto the substrate in very short bursts, in the 
10-100 nanosecond range. Since the laser repetition rate 
is low, typically 10-50 Hz, this means that short 

15 deposition intervals are followed by much longer (1-10 

milliseconds) "passive" intervals in which the material may 
undergo re-crystallization and relaxation. 

Another distinctive feature of PLD of HTS films is 
that it is generally performed under a significantly higher 

20 . oxygen pressure, with p = 100 mTorr being typical. Making 
use of this, our invention provides an improved 
• differential pumping scheme to reach pressures as high as 
1-10 bar, and even higher, during the oxidation and re- 
crystallization part of the growth cycle, as expounded in 

25 what follows. This is an improvement by a factor of 10,000 
- 100,000 over the methods presently employed. This 
improvement enables one to access phases and compounds that 
are otherwise unstable and would not grow well in the 
desired epitaxial thin film form. 

30 Stili another important difference and innovation is 

that during the re-crystallization part of the cycle, we 
are exposing the growing film also to a very high vapor 
pressure of volatile metallic species, such as Hg, Tl, Pb, 
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Bi, K, Rb^ etc. This has not been done before. This is 
also critical insofar that it also allows one to expand the 
range of compounds that can be grown ±n-s±tu, in the 
preferred epitaxial thin film form. Also important is the 
5 fact that this expanded range of compounds includes the HTS 
compounds with the highest known critical temperatures . 

These and other objects and features of the invention 
will become more fully apparent when the following detailed 
description of the invention is read in conjunction with 
10 the accompanying drawings. 

Brief Descripl^ion Of The Figures 

Fig. 1 is a schematic diagram of a pulsed laser 
deposition (PLD) system with a single-stage^ linear-motion , 
15 high-pressure heater assembly^ constructed in accordance 
with embodiments of the invention. 

Fig. 2 is a schematic* diagram of a single-stage, 
circular-motion, high-pressure heater assembly, constructed 
in accordance with embodiments of the invention. 
20 Fig. 3 is a schematic diagram of a PLD system with a 

two-stage differentially pumped linear-motion high-pressure 
heater assembly. 

Detailed Desoription Of The Invention 

25 In order to grow high-quality epitaxial films of the 

"high-pressure" oxide phases described above, one needs to 
expose the sample during the growth ("in-situ") to a high 
partial pressure (say 0.1 - 10 bar) of a gas such as 
molecular oxygen (or ozone, atomic oxygen, NO2/ a mixture of 

30 two or more of these gases, or some other suitable gaseous 
source of oxygen) and/or the high vapor pressure of one or 
more of volatile elements (such as Hg, Tl, Pb, Bi, K, Rb, 
etc - ) On the other hand, for proper operation of the PLD 
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apparatus, it is necessary to keep the laser ablation 
target at a relatively low pressure (say, 100 mTorr) . In 
order to simultaneously satisfy these two seemingly 
contradictory conditions, we have designed an apparatus 
5 described in what follows . 

A vacuum chamber suitable for PLD is provided with one 
or more pumps (such as a turbo-molecular pump or a cryo- 
pump provided with a backing mechanical pump) , a plurality 
of ports including optical windows, sample introduction 

10 port, feedthroughs for gas lines, water lines, and 

electrical connections, as well as mechanical supports for 
the heater assembly, the target, and the substrate holder. 

In one preferred embodiment, illustrated in Fig. 1, 
the substrate holder is attached to a linear motion 

15 actuator, which moves the holder periodically between two 
fixed positions. In either position, the substrate holder 
serves as a top lid for the high-pressure heater sub- 
chamber, leaving only a very narrow opening (typically less 
than 0.5 mm) between the two. In one of the two positions, 

20 "open", it is placed outside of this can, under a lower 

pressure, and facing the PLD target and the laser-ablation 
plume. In this part of the film growth cycle, deposition! 
occurs. In the other position, "closed", the substrate is 
facing the high-pressure sub-chamber, and is consequently 

25 under a high pressure. In this part of the film growth 
cycle, the volatile gaseous species is loaded into the 
film. This could include oxidation of the more inert 
constituents, or incorporation of volatile elements such as 
Hg, Tl, Pb, Bi, K, Rb, etc. This process resembles the one 

30 used by Kinder at al [20] and by Matijasevic and Slycke 

[21] for deposition of large-area YBa2Cu307 films. The key 
difference is that they use thermal co-evaporation and miich 
lower pressure in both the deposition stage (typically 10"^ 



Torr) , and the oxidation stage (typically 10"^ - 10" Torr) . 
In contrast, we are using PLD, and much (1,000 - 100,000 
times) higher pressure. With respect to incorporation of 
volatile cations, the process resembles somewhat the two- 
5 stage, ex-situ growth of thin films of TlBaCaCuO [11] and 
HgBaCaCuO [4-9], whereby certain precursor oxides are 
• deposited first onto a substrate, and in the second stage, 
the sample is encapsulated and annealed under a high Tl or 
Hg pressure. However, in that case, the volatile cations 
10 have to diffuse through the entire film thickness, which is 
accompanied with a gross change of the bulk crystalline 
structure, and requires very high temperature and pressure. 
In consequence, the films re-crystallize and generally end 
up being polycrystalline, having very rough surfaces, and 
15 inferior transport properties. In the present case, in one 
deposition step, only a fraction (typically between 0.01 
and 0.5) of a molecular layer is deposited, and it is 
. oxidized or loaded with the volatile cations immediately 
and before the deposition of the subsequent fraction of the 
20 molecular layer. In this way, oxidation or volatile cation 
loading occurs, on a layer-by-layer basis. This obviates 
the need for gross bulk diffusion, permits film growth at 
. reduced temperature, and provides for epitaxial growth, 
superior film morphology and physical properties. 
25 A further important aspect of the present invention is 

that for most of the duty cycle, i.e., while it is in the 
"closed" position, the sample is effectively placed inside 
a black-body cavity, comprised of the high-pressure heater 
"can" and top lid or the "cap" 9. This ensures good 
30 uniformity of the temperature over the entire substrate 
area . 

The linear motion actuator occasionally and 
periodically moves the substrate holder from "closed" 
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position to 




If 



open" position and back 




lenerally, the 



duty cycle is low, say between 1:5 and 1:100, so that the 
substrate spends most of the time in the "closed" position. 
The period is adjustable and typically can be about 1 Hz, 
i.e., the substrate typically goes "open" once per second. 
The laser action is synchronized with the linear motion 
actuator so that the laser is fired when the sample is in 
the "open" position. 

For example, if in one deposition event, 0.1 of a 
molecular layer of the desired compound is deposited, and 
the laser firing and substrate motion frequency is 1 Hz, it 
will take 10 seconds for one molecular layer, or about 2 nm 
film thickness. In one minute, one would deposit 12 nm, 
and in one hour, 0.72 microns. In principle, it is 
possible to increase the deposition rate significantly, by 
increasing the frequency (say to 10 Hz) and the laser 
energy density so that a Larger fraction of a molecular 
layer is deposited in one burst. 

It is possible to further improve the apparatus 
described above by adding a second high-pressure sub- 
chamber^ so that the substrate with the film is 
periodically switched between two closed positions, passing 
on its way from one to another through the "open" position. 
In this way, it is easier to implement a regime where the 
duty cycle is low, and the fraction of time in the "open" 
position the smallest, as the substrate is passing through 
this position at the maximum speed, and decelerates while 
it is in the "closed" position. 

In another preferred embodiment of the present 
invention, illustrated in Fig. 2, the substrate is placed 
into a slot in the circular substrate holder, with an 
opening, so that most of the substrate's bottom surface is 
exposed, and covered with a "cap". The linear motion 




actuator is replaced by an ordinary motor ^ with which the 
substrate holder can be rotated continuously, above the 
high-pressure can. The latter does not comprise a full 
circle, but is terminated in such a way as to leave an 
5 opening that corresponds to the substrate size, through 
which the material can be deposited onto the substrate. 
Thus, when the substrate holder is rotated, the substrate 
in effect switches between two positions, "open", and 
"closed". In either position, the substrate holder serves 
10 as a top lid for the high-pressure heater can, leaving only 
a very narrow opening (typically less than 0.5 mm) between 
the two. 

Here also the duty cycle is low, say between 1:5 and 
1:50, so that the substrate spends most of the time in the 

15 . "closed" position. The period is adjustable and typically 
can be about 1 Hz, i.e., the substrate typically goes 
"open" once per second. Here, the frequency can be easily 
increased to 10 Hz, which corresponds to 600 rpm of the 
motor, and even higher. The laser firing is synchronized 

20 with this, so that the ablation bursts coincide with the 
substrate being in the "open" position, i.e., the ablated 
material is deposited onto the substrate. 

In yet another preferred embodiment of the present 
invention, the apparatus is further improved by using a 

25 two-stage differentially pumped linear-motion high-pressure 
heater assembly, as shown in Fig. 3. 

This apparatus is rather similar to the one shown in 
Fig. 1; the new element here is the second, intermediary 
pressure sub-chamber, connected via a relatively large 

30 flange to the second pump. The opening between the top 

(open) side of this chamber and the substrate holder is a 
very narrow opening (typically less than 0.5 mm), so that 
in either the open or the closed position, or anywhere in- 

12 
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between,, the substrate holder serves as a top lid also for 
this intermediate-pressure sub-chamber. 

In this way, one can achieve a large degree of 
differential pumping, e.g., about 100 mTorr in the main 
5 chamber, about 10 Torr in the intermediate sub-chamber, and 
0.1 - 10 bar in the high-pressure sub-chamber. 
Significantly higher differential pumping ratios can also 
be obtained in this way. 

The same improvement, i.e., adding a second 
10 differential-pumping stage, is also possible in the 
circular motion geometry as described above, and is 
included in the present invention as. yet another preferred 
embodiment . 

Critical to the proper functioning of the present 

15 apparatus, i.e., to achieving of a high differential . 
pumping ratio, is to ensure a tight fit, i.e., a small 
distance between the two surfaces, of the substrate holder 
on one side and of one or two higher-pressure vessels, on 
the other. This is somewhat difficult because this tight 

20 fit must be achieved during the operation under high 
temperatures (say 500 - 1,000*'C) . Other then precise 
machining, here we can employ one or more of the following 
improvements. First, one can allow the substrate holder to 
actually touch the high-pressure can under normal 

25 atmosphere, and let it move out by the pressure and gas 
flow, once the chamber is evacuated, under the bending 
force provided by the pressure difference. This bending 
force should be. nearly offset by the substrate holder 
weight and the elastic force, so that the resultant opening 

30 is small and controllable. 

Another possible improvement is to insert one or 
several cylindrical rollers between the substrate holder 
and the high-pressure can's surface, so that the substrate 
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holder lays on these rollers. In this way, the opening 
between the substrate holder and the high-pressure chamber 
would be minuscule. This would allow for even higher 
differential pressure ratio, even with just a single stage 

5 apparatus . 

Based on the teachings herein, it would be apparent to 
one of ordinary skill in the art that it is possible to 
invert all of the above structures upside-down, or even to 
place them at arbitrary angles. The present invention 

10 includes all such variations. One advantage of the 

geometry shown here is that one could easily place inside 
the high-pressure heaters a vessel containing liquid or 
powder of the desired volatile atomic species, instead of 
or in addition to supplying the gasses through the high- 

15 pressure gas inlets. 

The above embodiments- of the present invention all 
.assume using a standard (say, tungsten or nickel-chrome) 
wire or tape heater, generally providing the temperature 
which is not only unifoarm across the sample but also 

20 constant in time during the film growth. However, in 

another embodiment of the present invention we can instead 
use a powerful lamp heater which can be ramped up and down 
very fast, generating flashes of heat directed at the 
sample. This resembles somewhat rapid thermal annealing 

25 (RTA) process used currently in semiconductor industry. A 
laser heater could also be used for the same purpose. 

In this way, one can separate the film deposition 
process into two stages. First, one deposits the precursor 
material, which does not contain the volatile component, 

30 onto a cold substrate, say at or close to the room 

temperature. This will be amorphous in general. Next, one 
transfers the sample to the high-pressure chamber, where 
the sample is simultaneously exposed to a high pressure of 
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the volatile species and to RTA." This should both induce 
incorporation of the volatile species and re 
crystallization of the film. The film is then cooled down 
to or near to the room temperature, and only then 
transferred to the ^^open" position, for deposition of 
another increment of the material. In this way, ,one 
ensures that there is no decomposition of the material, nor 
escape of the volatile species, while it is in the "open" 
position . 

Again, an important novel feature here is that this 
process of precursor deposition/RTA plus loading with the 
volatile species occurs on a molecular layer basis, or even 
for a fraction of such layer at a time. This should ensure 
good epitaxy, smooth film surface, and superior transport 
and other physical properties . 

As a further improvement of the present invention, it 
is possible to lower the substrate holder (or rise the 
high-pressure can) once the substrate is brought to the 
"closed" position, to seal the opening between the two. 
This would enable flushing the gas also in bursts, with the 
highest pressure being achieved when the sample is in the 
"closed" position. In this way, it is possible to further 
increase the difference in the pressure between the "open" 
and the "closed" sample positions. 

As a further improvement of the present invention, 
instead of the molecular oxygen, it is possible to use 
ozone, atomic oxygen, oxygen plasma, NO2, or some other 
stronger oxidant, or any mixture of two or more of these 
gases. 

Referring now more specifically to Fig. 1, a pulsed 
laser deposition (PLD) system with a single-stage, linear- 
motion, high-pressure heater assembly is illustrated. A 
vacuum chamber 1 is provided with a pump 2 (such as a 
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turbo-molecular pump provided with a backing mechanical 
pump), a plurality of flanges carrying optical windows/ 
sample introduction port, feedthroughs for gas lines, water 
lines, and electrical connections, as well as mechanical . 
5 supports for the high-pressure heater assembly 3, the 
target 4, and the linear motion actuator 5. 

The substrate 6 is placed into a slot 7 in the 
substrate holder 8, with an opening, so that most of the 
substrate's bottom surface is exposed, and a top cover or 

10 "cap" 9. The substrate holder 8 can be moved between two 
positions, position 10 or "open", and position 11 or 
"closed", by means of the linear motion actuator 5. In 
either position, the substrate holder 8 serves as a top lid 
for the high-pressure heater sub-chamber 3, leaving only a 

15 very narrow opening (typically less than 0.5 mm) between 
the two. 

The high-pressure sub-chamber 3 is further provided 
with a heater 12, possibly a removable shield 13 of good 
thermal conductivity and inert to the chemicals, involved, a 

20 water-cooling assembly 14, one or more gas inlets 15, and. 
possibly a temperature sensor 16 such as a thermocouple. 
To connect these, the chamber 1 is provided with one or 
more feedthroughs 17 for the electrical connections for the 
heater 12, the water lines 14, the gas lines 15, and the 

25 thermocouple 16. 

By the virtue of this construction, including the 
"cap" 9, in the "closed" position 11, the substrate is 
essentially enclosed in a black-body cavity. This ensures 
good uniformity of the temperature. 

30 The linear motion actuator occasionally and 

periodically moves the substrate holder 8 from the "closed" 
position 11 to the "open" position 10 and back. Generally, 
the duty cycle is low, say between 1:10 and 1:100, so that 
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the substrate spends most of the time in the "closed" 
position 11. The period is adjustable and typically can be 
about 1 Hz, i.e., the substrate typically goes "open" once 
per second. The laser firing is synchronized with this, so 
5 that the ablation bursts coincide with the substrate being 
in the "open" position, i.e., the ablated material is 
deposited onto the substrate. 

The light beam from a laser 18 is focused, by means of 
a lens 19, through an optical port 20, onto the target 4. 

10 The latter can be a pressed-ceramic target, or a single 

crystal, of the desired composition. The laser 18 can be 
an excimer laser, or some other laser with enough power to 
cause ablation of the target, and generate a plume 21. The 
direction of the light beam and the orientation of the 

15 target 4 can be adjusted so that the plume 21 is aimed at 
the substrate 6 when the latter is in the "open" position 
10. ■ 

Referring now more specifically to Fig. 2, a single- 
stage, circular-motion, high-pressure heater assembly is 

20 illustrated- Here, substrate 6 is placed into a slot 7 in 
a circular substrate holder, with an opening, so that most 
of the substrate's bottom surface is exposed, and covered 
with "cap" 9. The circular substrate holder can be rotated 
continuously, above the high-pressure can. The latter does 

25 not comprise a full circle, but is terminated in such a way 
as to leave an opening that corresponds to the substrate 
size, through which the material can be deposited onto the 
substrate. Thus, when the circular substrate holder is 
rotated, the substrate 6 in effect also switches between 

30 two positions: an "open" position where it is outside the 
high-pressure can and a "closed" position where it is 
facing the high-pressure sub-chamber and is consequently 
exposed to a high pressure. In either position, the 
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substrate holder serves as a top lid for the high-pressure 
heater can^ leaving only a very * narrow opening (typically 
less than 0.5 mm) between the two. 

The high-pressure sub-chamber or can is further 
5 provided with a heater, a removable shield 13 of good 

thermal conductivity and inert to the chemicals involved, 
one or more gas inlets, a water-cooling assembly (not 
shown) , a temperature sensor such as a thermocouple (not 
shown), etc. This high-pressure sub-chamber is placed 
10 inside a vacuum chamber provided with pumps, viewports, 

feedthroughs, target holder, etc. (not shown) . An excimer 
laser or another powerful laser (not shown) is used to 
ablate the target and deposit the film onto the substrate, 
as in Fig. 1. 

15 Here also the duty cycle is low, say between 1:5 and 

1:50, so that the substrate spends most of the time in the 
"closed" position. The period is adjustable and typically 
can be about 1 Hz, i.e., the substrate typically goes 
"open" once per second. The laser firing is synchronized. 

20 with this, so that the ablation bursts coincide with the 
substrate being in the "open" position, i.e., the ablated 
material is deposited onto the substrate. 

Referring now more specifically to Fig. 3, a pulsed 
laser deposition (PLD) system with a two-stage 

25 differentially pumped linear-motion high-pressure heater 
assembly is illustrated. This apparatus is rather similar 
to the one shown in Fig. 1, except that here we have added 
a second differential pumping, stage. 

Vacuum chamber 1 is provided with pump 2, a plurality 

30 of flanges carrying optical windows, sample introduction 
port, feedthroughs for gas lines, water lines, and 
electrical connections, as well as mechanical supports for 
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high-pressure heater assembly 3/ target 4, and linear 
motion actuator 5 . 

Substrate 6 is placed into slot 7 in substrate holder 
8, with an opening, so that most of the substrate's bottom 
surface is exposed, and the top cover or "cap" 9. 
Substrate holder 7 can be moved between the "open" and 
"closed" positions by means of linear motion actuator 5, as 
in Fig. 1- In either position, substrate holder 8 serves 
as a top lid for high-pressure heater sub-chamber 3, 
leaving only a very narrow opening (typically less than 0.5 
mm) between the two. 

High-pressure sub-chamber 3 is further provided with a 
heater 12, a removable shield 13 of good thermal 
conductivity and inert to the chemicals involved, a gas 
inlet 15, a water-cooling assembly (not shown) , and a 
thermocouple (not shown) . To connect these, chamber 1 is 
provided with one or more feedthroughs for the electrical 
connections for heater 12, gas lines 15, the water lines, 
and the thermocouple. 

The new element here is the second, intermediary 
pressure sub-chamber 22, connected via a relatively large 
tube end flange to the second pump 23. The opening between 
the top (open) side of this sub-chamber and substrate 
holder 8, is very narrow (typically less than 0.5 mm), so 
that in either the "open" or the "closed" position, or 
anywhere in-between, substrate holder 8 also serves as a 
top lid for this intermediate-pressure sub-chamber 22. 

In this way, one can achieve a large degree of 
differential pumping, e.g., ca. 100 mTorr in the main 
chamber, ca. 10 Torr in the intermediate sub-chamber, and 
ca. 1,000 Torr in the high-pressure sub-chamber. 
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Like in Fig. 1, in the "closed" position, the 
substrate here is essentially enclosed in a black-body 
cavity, which ensures good uniformity of the temperature. 
The linear motion actuator occasionally and 
5 periodically moves substrate holder 8 from the "closed" 
position to the "open" position and back. Generally, the 
duty cycle is low, say between 1:10 and 1:100, so that the 
substrate spends most of the time in the "closed" position 
11. The period is adjustable and typically can be about 1 

10 Hz, i.e., the substrate typically goes "open" once per 
second- The laser firing is synchronized with this, so 
that the ablation bursts coincide with the substrate being 
in the "open" position, i.e., the ablated material is 
deposited onto the substrate. 

15 Like in Fig. 1, the light beam from a laser 18 is 

focused, by means of a lens 19, through an optical port 20/ 
onto the target 4. The later can be a pressed-ceramic 
target, or a single crystal, of the desired composition - 
The laser 18 is an excimer laser, or some other laser with 

20 enough power to cause ablation of the target, and generate 
a plume 21. The direction of the light beam and the 
orientation of the target 4 can be adjusted so that the 
plume 21 is aimed at the substrate 6 when the latter is in 
the "open" position. 
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WHAT IS CLAIMED : 

1. A pulsed laser deposition system for in-situ 
deposition of thin films of one or more high-temperature 
5 . superconductor (HTS) compounds on a substrate, comprising: 

means for depositing at least one HTS compound, 
produced from laser ablation of a target, on the substrate; 

a vacuiom chamber adapted to support and maintain the* 
target at a relatively low pressure ; 
10 a high-pressure sub-chamber provided with one or more 

gas supply inlets and a heater; 

a substrate holder adapted to support the siobstrate; 

• and 

means for periodically moving the substrate holder 

15 between an open position wherein the substrate is subjected 
to the deposition composition at the relatively low pressure 
of the vacuum chamber and a closed position wherein the 
substrate is positioned over the. open end of the high- 
pressure sub-chamber and exposed to a relatively high 

20 partial pressure of a gaseous oxygen-containing mixture or a 
relatively high vapor pressure of one or more volatile 
metallic elements; 

wherein the depositing means is controlled to deposit 
onto the substrate in relatively short intervals, each 

25 deposit interval being followed by a substantially longer 
interval during which the deposited composition is permitted 
to undergo re-crystallization and structural relaxation, and 
wherein the moving means is controlled to move the substrate 
between the open and closed positions, such that the 

30 substrate is alternately subjected to the deposition 
composition and exposed to the high-pressure sub-chamber on 
a layer-by-layer basis. 
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2. The system of claim 1, further comprising a pump 
operably connected to the vacuum chamber to maintain the 
relatively low pressure therein at about 100 mTorr. 

5 3. The system of claim 1^ further comprising a first 

pump operably connected to the vacuum chamber an 
intermediate pressure chamber in which the high-pressure 
sub-chamber is- positioned, and a second pump operably 
connected to the intermediate pressure chamber, wherein the 
10 first and second pumps operate to maintain a pressure of 
about 100 mTorr in the vacuum chamber, a pressure between 
about 10 Torr in the intermediate chamber, and a pressure 
between about 0.1- and about 10 bar in the high-pressure sub- 
chamber. 

15 

4. The system of claim 1, wherein the deposit interval 
is about 1 to about 10 nanoseconds and the substantially 
longer interval is between 1 millisecond and 10 seconds. 

20 5. The system of claim 1, wherein the substrate holder 

serves as a lid for the open end of the high-pressure sub- 
chamber . 

6. The system of claim 1, wherein the moving means 
25 comprises a linear motion actuator that periodically moves 

the substrate holder between the open and closed positions. 

7. The system of claim 6, wherein the ratio of the 
time in which the substrate holder is held in the open 

30 position to the time in which the substrate holder is held 
in the closed position is in the range of about 1:10 to 
about 1:100. 

22 

)aD: <W0 0155472A2 I > 



wo 01/55472 




PCT/USOl/01798 



8. The system of claim 1;. wherein the substrate holder 
is generally circular and the moving means comprises a motor 
operably connected to the circular substrate holder to 
rotate it continuously, such that the substrate is 
5 alternately in the closed position over the open end of the 
high-pressure chamber for a first period of time and in the 
open position subjected to the deposition composition for a 
. second substantially shorter period of time. 

10 9. The system of claim 8^ wherein the ratio of the 

first and second periods of time is in the range between 
about 1:5 to about 1:50. 

10. The system of claim 1, wherein the gaseous oxygen- 
15 containing mixture comprises molecular oxygen, ozone, atomic 

oxygen or NO2, or a mixture of these gases. 

11. The system of claim 1, wherein the one or more 
volatile elements comprises Hg, Tl, Pb, Bi, K or Rb. 

12. A cyclic method for in-situ deposition of a thin 
film of one or more high-temperature superconductor (HTS) 
compounds on a substrate, said method comprising: 

depositing at least one HTS compound, produced by laser 
ablation of a target, on a substrate in intervals between 
about 10 and about 100 nanoseconds, each deposition interval 
being followed by a passive interval of between about 1 
millisecond and about 10 seconds to allow for re- 
crystallization and structural relaxation of the deposited 
composition; 

maintaining the target at a relatively low pressure ; 
exposing the deposited composition on the substrate to 
a relatively high partial pressure of a gaseous oxygen- 
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containing mixture or a relatively high vapor pressure of 
one or more volatile metallic elements; and 

alternately repeating the depositing and exposing steps 
on a layer-by-layer basis. 

5 

13. The method of claim 12, wherein the relatively low 
pressure at which the laser ablation target is maintained 
between about 0.1 mTorr and about 10 Torr. 

10 14. The method of claim 13, wherein the relatively low 

pressure at which the laser ablation target is maintained is 
preferably about 100 mTorr. 

15. The method of claim 12, wherein the relatively 
15 high partial pressure to which the deposited composition is 

exposed is in the range of about 0.1 to about 10 bar. 

16. The method of. claim 12, wherein the time ratio 
between the depositing and exposing steps are about 1:10 to 

20 about 1:100. 

17. The method of claim 12, wherein the gaseous 
oxygen-containing mixture comprises molecular oxygen, ozone, 
atomic oxygen and/or NO2. 

25 

18. The method of claim 12, wherein the one or more 
volatile elements comprises Hg, Tl, Pb, Bi, K or Rb. 
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